Objective: This in vivo 1 H magnetic resonance spectroscopy study examined levels of glutamate, glutamine, and N-acetylaspartate in patients experiencing their first episode of schizophrenia.
Method: Localized in vivo 1 H spectra were acquired at 4.0 T from the left anterior cingulate and thalamus of 21 nevertreated patients with schizophrenia and 21 comparable healthy volunteers.
Results:
The level of glutamine was significantly higher in the left anterior cingulate cortex and thalamus of the patients with schizophrenia than in the healthy subjects. No differences were found between groups in the levels of other metabolites in the anterior cingulate or thalamus.
Conclusions:
Higher than normal glutamine levels in the left anterior cingulate and thalamus provide in vivo evidence of greater than normal glutamatergic activity proposed by glutamatergic models of schizophrenia. In contrast to other studies in chronically ill patients, no differences were seen in the levels of N-acetylaspartate in either location, suggesting that the findings in patients with chronic schizophrenia may be related to the effect of medication or the progression of the illness. Gl utamatergic models have highlighted the role of the anterior cingulate and other parts of the limbic system in the pathophysiology of schizophrenia (1-3). However, glutamatergic models of schizophrenia cannot be fully tested without in vivo measures of glutamate metabolism. Levels of glutamate, glutamine, N-acetylaspartate, total creatine, choline-containing compounds, taurine, scyllo-inositol, and myo-inositol can be measured simultaneously by using in vivo short-echo-time 1 H magnetic resonance spectroscopy (MRS) (4). In our previous 1.5 T 1 H MRS study (5), we found higher levels of glutamine and similar levels of N-acetylaspartate in a 4.5-cc left medial prefrontal region of never-treated patients with schizophrenia compared with healthy volunteers.
The use of high-field MR scanners (≥3.0 T) increases the spectral signal-to-noise ratio, enabling the collection of spectroscopic data from smaller volumes while maintaining quantification precision (4) . In this study, we report what is to our knowledge the first short-echo-time 1 H MRS findings at 4.0 T from 1.5-cc volumes of the left anterior cingulate and thalamus in never-treated patients with schizophrenia and healthy volunteers. We hypothesized that, compared with healthy volunteers, never-treated patients with schizophrenia would have higher levels of glutamine in the left anterior cingulate, supporting our earlier findings in a lower-field study (5) , and higher levels of glutamine in the left thalamus because the left anterior cingulate and the left thalamus are functionally connected by glutamatergic neurons.
Method
Twenty-one never-treated patients experiencing their first episode of schizophrenia and 21 healthy volunteers participated in the study after giving informed written consent according to the guidelines of the Review Board for Health Sciences Research Involving Human Subjects at the University of Western Ontario. The mean age of the 21 patients was 26 years (SD=7); 14 were male and seven were female. The mean age of the healthy subjects was also 26 (SD=7), and 14 were male and seven were female.
All patients and healthy volunteers were assessed with the Structured Clinical Interview for DSM-IV (SCID) (6) by two interviewers who arrived at a consensual diagnosis. Fourteen of the patients were classified as having paranoid, one as having disorganized, and six as having undifferentiated schizophrenia. The patients' mean total scores on the Scale for the Assessment of Negative Symptoms (SANS) (7) and the Scale for the Assessment of Positive Symptoms (SAPS) (8) were 43 (SD=9) and 35 (SD=11), respectively. A mean of 21 months (SD=24) had elapsed since the first positive symptoms in the patients. Five patients had received a mean of 1.9 mg (SD=1.2) of lorazepam in the 24 hours before the scan, and one patient had taken paroxetine for 3 weeks, which was discontinued 48 hours before the scan.
BRIEF REPORTS
The mean parental education level of the highest educated parent, rated on a 4-point scale (5), was 2.3 (SD=1.1) for the patients and 2.7 (SD=1.2) for the healthy volunteers. According to a handedness questionnaire (5), all subjects were right-handed with the exception of four patients who were rated left-handed or ambidextrous and three volunteers who were rated left-handed. None of the patients or volunteers had a history of head injury, drug or alcohol abuse in the year before the scan, or serious medical illnesses based on information provided during the SCID. Routine clinical anatomical images detected no gross abnormalities in the patients.
In vivo short-echo 1 H-stimulated echo acquisition mode spectra were obtained from all subjects by using a Varian/Siemens Unity Inova 4.0 T MR scanner (Varian, Palo Alto, Calif.; Siemens, Erlangen, Germany) (TR=2000 msec, TE=20 msec, TM=30 msec, dwell time=500 µsec). A water-suppressed (256 averages) and two water-unsuppressed (16 averages) acquisitions were recorded from two 1.5-cc voxels-one containing mostly gray matter from the left anterior cingulate and one from the left medial thalamus. Lineshape-corrected and water-subtracted spectra were fitted in the time domain by using a priori knowledge from 12 metabolite solutions and a constrained Levenberg-Marquardt minimization algorithm (4).
Sixty-four contiguous 2.75-mm-thick transverse slices were acquired by using a three-dimensional sequence of fast low-angle shots (TR=11 msec, TE=7 msec) to localize the volumes of interest and to assess the amount of gray matter, white matter, and CSF within each voxel according to a histogram-based technique (ANALYZE software [9] ). The amplitude of each water-unsuppressed spectrum was corrected for the relative gray matter, white matter, and CSF content of the voxel. Metabolite levels were normalized to this amplitude. Metabolites and macromolecules with coefficients of variation less than 75% were compared between groups with analyses of variance. Correlation between metabolite levels and clinical scores (SANS and SAPS) was evaluated with the Pearson product moment correlation coefficient; significance was set at p=0.001 because no a priori hypotheses were made.
Results
One left anterior cingulate data set was rejected because of excessive patient motion and two left thalamus data sets were unavailable because of premature termination of the examination. The parallel sets from corresponding volunteers were removed from the statistical analysis. The mean metabolite levels for both regions studied as well as the significant differences between groups are presented in Figure 1 .
Not shown is the significantly higher level of unidentified macromolecules at 3.03 ppm (F=8.68, df=1, 38, p= 0.005) and 3.05 ppm (F=9.43, df=1, 38, p=0.004) in the left anterior cingulate of never-treated patients than in healthy volunteers. None of the correlations reached the p=0.001 level.
Discussion
A significantly higher than normal level of glutamine in the left anterior cingulate and thalamus in never-treated patients with schizophrenia is consistent with our earlier 1.5 T study in which we found significantly higher than normal levels of this metabolite within a larger region including tissue from the left medial prefrontal cortex in a different group of never-treated patients with schizophrenia. It is possible that no differences were seen in the levels of glutamate between never-treated patients and healthy volunteers because the glutamate measured by 1 H MRS includes both the metabolic and transmitter pools (10) . A high level of glutamine suggests greater than normal glutamatergic activity, consistent with glutamatergic models of schizophrenia (1-3), because most of the physiologically active glutamate is derived from glutamine (10). Released glutamate is taken up by astrocytes, where it is converted to glutamine, transported back to the presynaptic neuron, and reconverted to glutamate (10) . Thus, higher levels of glutamine could also indicate less glutamatergic activity if there was an abnormality in the conversion of glutamine to glutamate. There were no differences between patients and volunteers in N-acetylaspartate levels in either the anterior cingulate or the thalamus. This observation contrasts with several reports indicating lower levels of N-acetylaspartate within similar regions in medicated patients with chronic schizophrenia (11) (12) (13) . Some differences might be accounted for by the methods used to quantify this metabolite and the effect of medication. However, it is also possible that N-acetylaspartate, glutamate, and glutamine levels may fall over time as the result of glutamate-induced neuronal degeneration. In keeping with this suggestion is a report by Omori et al. (14) , which demonstrated a trend for lower levels of N-acetylaspartate and glutamate assessed with 7.0 T 1 H MRS in postmortem thalamic tissue of patients with schizophrenia than in tissue from control subjects. Follow-up in vivo 1 H MRS examinations in our first-episode patients are necessary to substantiate this possibility.
